The Single Aperture Far-InfraRed (SAFIR) Observatory's science goals are driven by the fact that the earliest stages of almost all phenomena in the universe are shrouded in absorption by and emission from cool dust and gas that emits strongly in the far-infrared (40 µm-200 µm) and submillimeter (200 µm-1 mm). In the very early universe, the warm gas of newly collapsing, unenriched galaxies will be revealed by molecular hydrogen emission lines at these long wavelengths. High redshift quasars are found to have substantial reservoirs of cool gas and dust, indicative of substantial metal enrichment early in the history of the universe. As a result, even early stages of galaxy formation will show powerful far-infrared emission. The combination of strong dust emission and large redshift (1 < z < 7) of these galaxies means that they can only be studied in the far-infrared and submillimeter. For nearby galaxies, many of the most active galaxies in the universe appear to be those whose gaseous disks are interacting in violent collisions. The details of these galaxies, including the effect of the central black holes that probably exist in most of them, are obscured to shorter wavelength optical and ultraviolet observatories by the large amounts of dust in their interstellar media. Within our own galaxy, the earliest stages of star formation, when gas and dust clouds are collapsing and the beginnings of a central star are taking shape, can only be observed in the far-infrared and submillimeter. The cold dust that ultimately forms the planetary systems, as well as the cool "debris" dust clouds that indicate the likelihood of planetary sized bodies around more developed stars, can only be observed at wavelengths longward of 20 µm.
Introduction
The Single Aperture Far-InfraRed (SAFIR) Observatory has been recommended by consensus of the broad astronomical community in the National Academy of Sciences Astronomy Decadal Report (NAS Decade Report, 2001 ) as a high priority scientific and technical successor to JWST and Spitzer (previously SIRTF). Additionally, the far-infrared community issued a more specific recommendation (Far-IR/SubMM Community Plan, 2003) The first step [of a unified plan to implement the Decadal Report's vision] is to develop the technology and start the planning for a cooled JWST class far-IR observatory called SAFIR (Single Aperture Far-IR telescope), to be operated like HST for a wide user community with a launch by the middle of the JWST lifetime in 2015.
This recommendation recognizes the exciting science opportunities offered by the promise of a dramatic increase in sensitivity and angular resolution of a facility like SAFIR in the far-infrared spectral region. SAFIR "will enable the study of galaxy formation and the earliest stage of star formation by revealing regions too enshrouded by dust to be studied by JWST, and too warm to be studied effectively with ALMA" (NAS Decade Report, 2001) . In this paper, we present a mission concept for SAFIR as envisioned in a 10 m-class far-infrared observatory that would begin full-scale development late in this decade, for launch in ∼2015. For simplicity, we shall use the term far-infrared to denote the entire SAFIR wavelength range (20 µm-1 mm, Section 3) unless otherwise noted.
Advances in sensitivity and angular resolution in the far-infrared have lagged relative to the optical, near-infrared, and radio portions of the spectrum for two main reasons: the need to be above most or all of the Earth's atmosphere because of very strong absorption features of water vapor, and the need for very low temperature telescopes and instruments to reach the natural background limits of sensitivity at these wavelengths. In addition, large apertures are required to achieve the angular resolution needed for comparison with modest optical and near-infrared studies, and coherent interferometry (as is used in the radio to achieve high angular resolution without large single apertures) becomes increasingly challenging at high frequencies.
As a result of efforts on other large space telescopes, strategies are now in hand to address effectively the simultaneous needs of a low temperature and a large single aperture.
